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(57)  Amobile communication systemincludes a con-
dition reporting unit provided in a base station controller
and configured to report to a mobile station via the target
base station or another base station measurement and
report conditions for determining whether to measure and
report a reception quality level of a radio signal transmit-
ted from the target base station; a measurement report-
ing unit provided in the mobile station and configured to
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Description

TECHNICAL FIELD

[0001] The present invention relates to a mobile com-
munication system, a base station controller, a base sta-
tion, a mobile station, and a base station radio parameter
control method.

BACKGROUND ART

[0002] To smoothly operate a mobile communication
system, it is necessary to properly configure radio pa-
rameters of base stations such as the transmission power
level of a common control channel. In a mobile commu-
nication system, a base station periodically transmits a
common control channel to the entire cell and each mo-
bile station is enabled to perform basic operations by
receiving the common control channel. If the transmis-
sion power level of the common control channel is too
low, the reception quality of the common control channel
is reduced and the mobile station may not be able to
operate properly. Meanwhile, if the transmission power
level is too high, the common control channel causes
interference with other cells. This in turn reduces the re-
ception quality and prevents proper operations in other
cells.

[0003] In conventional methods, the transmission
power level of the common control channel is determined
and set as follows:

(1) A desired reception quality level (represented,
for example, by a bit error rate (BER), a frame error
rate (FER), and/or a block error rate (BLER)) is de-
fined and a degraded area percentage (area ratio)
indicating the percentage of a portion of a service
area where the reception quality is allowed to be be-
low the desired reception quality level is defined.
(2) The probability distribution of geometry in the
service area (distribution of probabilities of occur-
rence of geometry values) is obtained by a system-
level simulation (simulation of the received power
level under a multi-cell environment) based on an
assumed maximum radio network load (maximum
transmission power of all base station sectors), an
assumed regular arrangementof cells, and assumed
propagation losses (obtained taking into account
random numbers representing the influence of shad-
ing caused, forexample, by topography or buildings),
and geometry values corresponding to the degraded
area percentage are identified based on the proba-
bility distribution of geometry. Here, the geometry
indicates values obtained by the following formula:
total received power from selected base station / (to-
talreceived power from other base stations + thermal
noise power), and the selected base station indicates
a base station with the lowest propagation loss at a
given point.
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(3) Alink-level simulation is performed based on the
geometry and an assumed multipath propagation
delay and with the received power from other base
stations approximated to the thermal noise. In the
link-level simulation, minimum transmission power
levels that are enough to satisfy the desired recep-
tion quality level at respective points associated with
the geometry values corresponding to the degraded
area percentage are obtained by gradually increas-
ing the transmission power (the ratio in the maximum
transmission power of the corresponding base sta-
tion sector) of the common control channel.

(4) Based on the obtained results, the transmission
power level of the common control channel is set in
each actual base station manually by a network ad-
ministrator.

[0004] The applicantwas notable to find any published
prior-art document related to the presentinvention before
the filing date of the present application. Therefore, no
prior-art document information is included in the specifi-
cation.

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In conventional methods, radio parameters of
a base station such as the transmission power level of
the common control channel are determined and set as
described above. However, this approach has problems
as described below.

(1) Since the system-level simulation is performed
based on an assumed regular arrangement of cells
and propagation loss, the accuracy of the simulation
may be reduced due to differences between the as-
sumed regular arrangement of cells and propagation
loss and the actual arrangement of cells and propa-
gation loss. As a result, a value obtained by the sim-
ulation may become inappropriate and the reception
quality may be reduced.

(2) Since the link-level simulationis performed based
on an assumed propagation delay, the accuracy of
the simulation may be reduced due to a difference
between the assumed propagation loss and the ac-
tual propagation loss. As a result, a value obtained
by the simulation may become inappropriate and the
reception quality may be reduced.

(3) Since the simulations are performed based on
assumed radio unit configurations of the base station
and the mobile station, the accuracy of the simula-
tions may be reduced. As a result, values obtained
by the simulations may become inappropriate and
the reception quality may be reduced.

(4) Even if the values obtained by simulations are
appropriate at the time they are set, the values may
become inappropriate due to environmental chang-
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es and the reception quality may be reduced. In such
a case, it is necessary to simulate and reset the val-
ues again.

(5) Since simulations and configurations of base sta-
tions are performed manually, the workload of the
network administrator is high.

[0006] One object of the presentinvention is to provide
a mobile communication system, a base station control-
ler, a base station, a mobile station, and a base station
radio parameter control method that make it possible to
prevent one or more of the above problems caused by
simulation errors and environmental changes as well as
to reduce the workload of a network administrator.

MEANS FOR SOLVING THE PROBLEMS

[0007] According to a first aspect of the present inven-
tion, a mobile communication system includes a condi-
tion reporting unit provided in a base station controller,
which is an upper node of a target base station, and con-
figured to report to a mobile station via the target base
station or another base station a measurement condition
and a report condition used by the mobile station to de-
termine whether to measure and report a reception qual-
ity level of a radio signal transmitted from the target base
station; a measurement reporting unit provided in the mo-
bile station and configured to measure the reception qual-
ity level of the radio signal transmitted from the target
base station if the measurement condition is satisfied and
to report the measured reception quality level to the base
station controller via the target base station or the other
base station if the report condition is satisfied; and a radio
parameter control unit provided in the base station con-
troller and configured to control a radio parameter of the
target base station or the other base station based on
the reported reception quality level.

[0008] According to a second aspect of the present
invention, a mobile communication system includes a
condition reporting unit provided in a base station con-
troller, which is an upper node of a target base station,
and configured to report to a mobile station via the target
base station or another base station a measurement con-
dition and a report condition used by the mobile station
to determine whether to measure and report a reception
quality level of a radio signal transmitted from the target
base station; a measurement reporting unit provided in
the mobile station and configured to measure the recep-
tion quality level of the radio signal transmitted from the
target base station if the measurement condition is sat-
isfied and to report the measured reception quality level
to the target base station directly or via the other base
station and the base station controller if the report con-
dition is satisfied; and a radio parameter control unit pro-
vided in the target base station and configured to control
a radio parameter of the target base station or the other
base station based on the reported reception quality lev-
el.
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[0009] According to a third aspect of the present in-
vention, a base station controller includes a condition re-
porting unit configured to report to a mobile station via a
target base station or another base station a measure-
ment condition and a report condition used by the mobile
station to determine whether to measure and report a
reception quality level of a radio signal transmitted from
the target base station; and a measurement receiving
unit configured to receive the measured reception quality
level of the radio signal transmitted from the target base
station from the mobile station via the target base station
or the other base station; and a radio parameter control
unit configured to control a radio parameter of the target
base station or the other base station based on the re-
ceived reception quality level.

[0010] According to a fourth aspect of the present in-
vention, a base station controller includes a condition re-
porting unit configured to report to a mobile station via a
target base station or another base station a measure-
ment condition and a report condition used by the mobile
station to determine whether to measure and report a
reception quality level of a radio signal transmitted from
the target base station; and a measurement transfer unit
configured to receive the measured reception quality lev-
el of the radio signal transmitted from the target base
station from the mobile station via the other base station
and to transfer the received reception quality level to the
target base station.

[0011] According to a fifth aspect of the present inven-
tion, a base station includes a condition reporting unit
configured to receive from a base station controller a
measurement condition and a report condition used by
a mobile station to determine whether to measure and
report a reception quality level of a radio signal transmit-
ted from a target base station that is either its own base
station or another base station and to report the meas-
urement condition and the report condition to the mobile
station; a measurement transfer unit configured to re-
ceive from the mobile station the measured reception
quality level of the radio signal transmitted from the target
base station and to transfer the received reception quality
level to the base station controller; and a parameter set-
ting unit configured to set a radio parameter transmitted
from the base station controller in its own base station.

[0012] According to a sixth aspect of the present in-
vention, a base station includes a condition reporting unit
configured to receive from a base station controller a
measurement condition and a report condition used by
a mobile station to determine whether to measure and
report a reception quality level of a radio signal transmit-
ted from a target base station that is either its own base
station or another base station and to report the meas-
urement condition and the report condition to the mobile
station; a measurement receiving unit configured to re-
ceive the measured reception quality level of the radio
signal transmitted from the target base station from the
mobile station directly or via the other base station and
the base station controller; and a radio parameter control
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unit configured to control a radio parameter of its own
base station or the other base station based on the re-
ceived reception quality level.

[0013] According to a seventh aspect of the present
invention, a mobile station includes a condition receiving
unit configured to receive from a base station controller
via a target base station a measurement condition and
a report condition for determining whether to measure
and report a reception quality level of a radio signal trans-
mitted from the target base station; and a measurement
reporting unit configured to measure the reception quality
level of the radio signal transmitted from the target base
station if the measurement condition is satisfied and to
report the measured reception quality level to the base
station controller via the target base station or another
base station if the report condition is satisfied.

[0014] According to an eighth aspect of the present
invention, a mobile station includes a condition receiving
unit configured to receive from a base station controller
via a target base station a measurement condition and
a report condition for determining whether to measure
and report a reception quality level of a radio signal trans-
mitted from the target base station; and a measurement
reporting unit configured to measure the reception quality
level of the radio signal transmitted from the target base
station if the measurement condition is satisfied and to
report the measured reception quality level to the target
base station directly or via another base station if the
report condition is satisfied.

[0015] According to a ninth aspect of the present in-
vention, a base station radio parameter control method
includes a condition reporting step, performed by a base
station controller that is an upper node of a target base
station, of reporting to a mobile station via the target base
station a measurement condition and a report condition
used by the mobile station to determine whether to meas-
ure and report a reception quality level of a radio signal
transmitted from the target base station; a measurement
reporting step, performed by the mobile station, of meas-
uring the reception quality level of the radio signal trans-
mitted from the target base station if the measurement
condition is satisfied and reporting the measured recep-
tion quality level to the base station controller via the tar-
get base station or another base station if the report con-
dition is satisfied; and a radio parameter control step,
performed by the base station controller, of controlling a
radio parameter of the target base station or the other
base station based on the reported reception quality lev-
el.

[0016] According to a tenth aspect of the present in-
vention, a base station radio parameter control method
includes a condition reporting step, performed by a base
station controller that is an upper node of a target base
station, of reporting to a mobile station via the target base
station a measurement condition and a report condition
used by the mobile station to determine whether to meas-
ure and report a reception quality level of a radio signal
transmitted from the target base station; a measurement
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reporting step, performed by the mobile station, of meas-
uring the reception quality level of the radio signal trans-
mitted from the target base station if the measurement
condition is satisfied and reporting the measured recep-
tion quality level to the base station controller via the tar-
get base station or another base station if the report con-
dition is satisfied; and a radio parameter control step,
performed by the base station controller, of controlling a
radio parameter of the target base station or the other
base station based on the reported reception quality lev-
el.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0017] An aspect of the present invention provides a
mobile communication system, a base station controller,
a base station, a mobile station, and a base station radio
parameter control method that make it possible to pre-
vent problems caused by simulation errors and environ-
mental changes as well as to reduce the workload of a
network administrator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a drawing illustrating an exemplary config-
uration of a mobile communication system according
to an embodiment of the present invention;

FIG. 2 is a drawing illustrating a process of transmit-
ting measurement reports and a control process
based on the measurement reports;

FIG. 3 is a block diagram illustrating an exemplary
configuration of a base station control unit according
to a first embodiment;

FIG. 4 is a block diagram illustrating an exemplary
configuration of a base station according to the first
embodiment;

FIG. 5 is a block diagram illustrating an exemplary
configuration of a mobile station;

FIG. 6 is a sequence chart showing an exemplary
process according to the first embodiment;

FIG. 7 is a block diagram illustrating an exemplary
configuration of a base station control unit according
to a second embodiment;

FIG. 8 is a block diagram illustrating an exemplary
configuration of a base station according to the sec-
ond embodiment; and

FIG. 9 is a sequence chart showing an exemplary
process according to the second embodiment.

EXPLANATION OF REFERENCES

[0019]

1 Controller

11 User control unit

12 Base station control unit
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121 Network interface

122 Base-station-signal transmitting unit

123 Base-station-signal receiving unit

124 Measurement-and-report conditions gen-
erating unit

125 Desired quality generating unit

126 Measurement report accumulating unit

127 Transmission power determining unit

128 Measurement report transfer unit

2, 2#1,2#2  Base station

201 Transmitting antenna

202 Mobile-station-signal transmitting unit

203 Receiving antenna

204 Mobile-station-signal receiving unit

205 Network interface

206 Measurement-and-report conditions re-
porting unit

207 Measurement report extracting unit

208 Transmission power setting unit

209 Desired quality input unit

210 Measurement report accumulating unit

211 Transmission power determining unit

3#1, 3#2 Cell

4, 4#1-4#3 Mobile station

401 Transmitting antenna

402 Base-station-signal transmitting unit

403 Receiving antenna

404 Base-station-signal receiving unit

405 User interface

406 Measurement condition determining unit

407 Reception quality measuring unit

408 Statistical processing unit

409 Memory

410 Report condition determining unit

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] Preferred embodiments of the present inven-
tion are described below. In the descriptions below, the
transmission power level of a common control channel
of a base station is used as an example of a radio pa-
rameter to be controlled. However, the descriptions may
also be applied to other radio parameters such as a mod-
ulation and coding scheme (MCS) level.

[0021] FIG. 1 is a drawing illustrating an exemplary
configuration of a mobile communication system accord-
ing to an embodiment of the present invention.

[0022] In FIG. 1, a controller 1 is connected via dedi-
cated lines to multiple neighboring controllers according
to a mesh topology. The controller 1 includes a user con-
trol unit (serving gateway (S-GW) or user plane entity
(UPE)) 11 for controlling user data, and a base station
control unit (mobility management entity (MME)) 12 for
controlling base stations.

[0023] Multiple base stations (eNodeB) 2#1 and 2#2
are connected to the controller 1 via wired interfaces S1.
A sector or area covered by the base station 2#1 is called
cell 3#1 and a sector or area covered by the base station

10

15

20

25

30

35

40

45

50

55

2#2 is called cell 3#2. Adjacent cells 3#1 and 3#2 are
slightly overlapped to smoothly perform handover.
[0024] In the cells 3#1 and 3#2, there are mobile sta-
tions (user equipment (UE)) 4#1, 4#2, and 4#3 being
carried by users. Here, it is assumed that the mobile sta-
tions 4#1 and 4#2 receive a common control channel
such as a broadcast channel (BCH) from the base station
2#1 and the mobile station 4#3 receives a common con-
trol channel such as a BCH from the base station 2#2.
The common control channel may also be called P-BCH,
DL-SCH for BCCH transmission, or DPCCH.

[0025] In this embodiment, the mobile stations 4#1,
4#2, and 4#3 in a service area composed of the cells 3#1
and 3#2 are requested to measure the reception quality
levels of common control channels transmitted from the
base stations 2#1 and 2#2; appropriate transmission
power levels of the common control channels of the base
stations 2#1 and 2#2 are automatically calculated based
on accumulated data of the measurements reported by
the mobile stations 4#1, 4#2, and 4#3 (measurement re-
ports) to the network; and the calculated transmission
power levels are set in the base stations 2#1 and 2#2.
This configuration makes it possible to prevent problems
caused by simulation errors and environmental changes
as well as to reduce the workload of a network adminis-
trator.

[0026] Accumulation of measurement reports and cal-
culation of transmission power levels may be performed
either by the base station control unit 12 of the controller
1 or the respective base stations 2#1 and 2#2.

[0027] FIG. 2 is a drawing illustrating a process of
transmitting measurement reports from mobile stations
and a control process based on the measurement re-
ports.

[0028] FIG. 2 (a) shows an example where the mobile
station 4#1 in the cell 3#1 transmits a measurement re-
port (a measured reception quality level of a common
control channel transmitted from the base station 2#1)
to the base station 2#1, and the mobile station 4#2 lo-
cated in an overlapping portion of the cells 3#1 and 3#2
transmits measurement reports (measured reception
quality levels of common control channels transmitted
from the base stations 2#1 and 2#2). Also, other mobile
stations transmit measurement reports to the corre-
sponding base stations in a similar manner.

[0029] FIG. 2 (b) shows reception quality levels in the
cell 3#1 of the base station 2#1 obtained based on ac-
cumulated measurement reports. A desired reception
quality level required in the system is not satisfied in a
shaded portion outside of a border line B. The base sta-
tion control unit 12 or the base station 2#1 automatically
calculates a transmission power level of the common
control channel based on the accumulated measurement
reports and taking into account the degraded area per-
centage indicating the percentage of a portion of the serv-
ice area where the reception quality is allowed to be be-
low the desired reception quality level, and sets the cal-
culated transmission power level in the base station 2#1.
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[0030] FIG. 2 (c) shows reception quality levels after
the transmission power level is adjusted. In FIG. 2 (c),
the border line B has moved to a position close to the
edge of the cell 3#1 and the desired reception quality
level is satisfied in portions of the service area other than
a portion corresponding to the degraded area percent-
age.

<FIRST EMBODIMENT>

[0031] According to a first embodiment, functions for
implementing the present invention are provided in the
base station control unit 12 of the controller 1.

[0032] In this embodiment, it is assumed that the mo-
bile communication system has a configuration as shown
in FIG. 1.

[0033] FIG. 3 is a block diagram illustrating an exem-
plary configuration of the base station control unit 12 ac-
cording to the first embodiment.

[0034] AsshowninFIG. 3, the base station control unit
12 includes a network interface 121 that communicates
with other controllers and base stations belonging to the
controller 1 via fixed lines; a base-station-signal trans-
mitting unit 122 for transmitting signals to the base sta-
tions via the network interface 121; and a base-station-
signal receiving unit 123 for receiving measurement re-
ports from the base stations via the network interface 121.
[0035] The base station control unit 12 also includes
a measurement-and-report conditions generating unit
124 that generates a measurement condition (a condition
for determining whether to measure the reception quality)
and a report condition (a condition for determining wheth-
er to report a measurement report) for mobile stations
based on operational data received via the network in-
terface 121, and requests the base-station-signal trans-
mitting unit 122 to transmit the generated conditions to
the corresponding base stations. Examples of the meas-
urement condition include "if a request is received from
the network”, "if a predetermined period of time has
passed after a request is received from the network”, "if
it is a predetermined time slot", "if one of base stations
being detected becomes undetectable", "if a base station
is newly detected and its reception level exceeds a
threshold", and "if the mobile station has moved to an-
other cell". Examples of the report condition include "if a
request is received from the network", "if a predetermined
period of time has passed after a requestis received from
the network", "if it is a predetermined time slot", and "if
the mobile station moves to another tracking area (TA)
for location registration”. The measurement-and-report
conditions generating unit 124 may be configured to re-
questonly a certain group of mobile stations (for example,
mobile stations whose battery energy levels are high or
mobile stations belonging to a certain access service
class) to measure and report the reception quality.
[0036] The base station control unit 12 also includes
a desired quality generating unit 125 that generates a
desired quality level based on operational data received
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via the network interface 121 and inputs the generated
desired quality level to a transmission power determining
unit 127 described later. The desired quality level is rep-
resented, for example, by aBER, a FER, a BLER, and/or
the number of tries needed to complete demodulation.
[0037] The base station control unit 12 further includes
a measurement report accumulating unit 126 that accu-
mulates measurement reports received by the base-sta-
tion-signal receiving unit 123 and performs statistical
processing on the accumulated measurement reports
(e.g., obtains an average, a median, and/or a probability
distribution of the measurement reports); and the trans-
mission power determining unit 127 that determines an
appropriate transmission power level based on the re-
sults of the statistical processing output from the meas-
urement report accumulating unit 126 and the desired
quality level input from the desired quality generating unit
125 and requests the base-station-signal transmitting
unit 122 to transmit the determined transmission power
level to a target base station. The determined transmis-
sion power level is set in the target base station. Here,
the determined transmission power level may also be set
in base stations other than the target base station whose
common control channel is measured.

[0038] FIG. 4 is a block diagram illustrating an exem-
plary configuration of a base station 2 (2#1, 2#2) accord-
ing to the first embodiment.

[0039] As shownin FIG. 4, the base station 2 includes
a mobile-station-signal transmitting unit 202 for transmit-
ting signals to mobile stations via a transmitting antenna
201; a mobile-station-signal receiving unit 204 for receiv-
ing signals from mobile stations via a receiving antenna
203; and a network interface 205 connected to an upper
node, i.e., the controller 1 and configured to transfer user
data to be transmitted by the mobile-station-signal trans-
mitting unit 202, to transfer user data received by the
mobile-station-signal receiving unit 204, and to input and
output control data to and from other components of the
base station 2.

[0040] The base station 2 also includes a measure-
ment-and-report conditions reporting unit 206 that re-
quests the mobile-station-signal transmitting unit 202 to
transmit (to broadcast via a common control channel) a
measurement condition and a report condition received
via the network interface 205 from the controller 1 to mo-
bile stations; a measurement report extracting unit 207
that extracts measurement reports (for its own base sta-
tion and other base stations) received from the mobile
stations by the mobile-station-signal receiving unit 204
and transmits the extracted measurement reports via the
network interface 205 to the controller 1; and a transmis-
sion power setting unit 208 that changes the current
transmission power level of the common control channel
setin a radio unit of the mobile-station-signal transmitting
unit 202 based on a transmission power level received
via the network interface 205 from the controller 1.
[0041] FIG. 5 shows an exemplary configuration of a
base station 4 (4#1 - 4#3) which is common to the first
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embodiment and a second embodiment described later.
[0042] AsshowninFIG.5,the mobile station4includes
a base-station-signal transmitting unit 402 for transmit-
ting signals to base stations via a transmitting antenna
401; abase-station-signal receiving unit 404 for receiving
signals from base stations via a receiving antenna 403;
and a user interface 405 (such as a mike, a speaker, a
display, and/or buttons) that sends user data to the base-
station-signal transmitting unit 402 and receives user da-
ta from the base-station-signal receiving unit 404.
[0043] The mobile station 4 also includes a measure-
ment condition determining unit 406 that obtains, from
the base-station-signal receiving unit 404, a measure-
ment condition reported via a common control channel
and determines to measure the reception quality if the
measurement condition is satisfied; and a reception qual-
ity measuring unit 407 that measures the reception qual-
ity if the measurement condition determining unit 406 de-
termines to measure the reception quality. The reception
quality is measured, for example, by performing cyclic
redundancy checking (CRC) on common control chan-
nels received from base stations.

[0044] Also, the mobile station 4 includes a statistical
processing unit 408 that performs statistical processing
(e.g., obtains an average, a median, and/or a probability
distribution) on the reception quality measured by the
reception quality measuring unit 407 for respective chan-
nel types and sectors; and a memory 409 for storing the
results of the statistical processing (reception quality) in
association with the respective channel types and sec-
tors. In related-art mobile stations, measured reception
quality is either not stored or stored only for a very short
period of time. In this embodiment, the measured recep-
tion quality is stored in the memory 409 for a relatively
long period of time.

[0045] The mobile station 4 further includes a report
condition determining unit 410 that obtains, from the
base-station-signal receiving unit 404, a report condition
reported via a common control channel, determines to
report the reception quality if the report condition is sat-
isfied, and requests the base-station-signal transmitting
unit 402 to transmit the reception quality stored in the
memory 409 as a measurementreport to the correspond-
ing base station. The measurement report includes the
measured reception quality and the cell ID of the corre-
sponding base station.

[0046] FIG. 6 is a sequence chart showing an exem-
plary process according to the first embodiment.

[0047] InFIG. 6, the base station 2#1 reports a meas-
urement condition and a report condition via a common
control channel to the mobile station 4#1 (step S101),
and also reports the measurement condition and the re-
port condition via the common control channel to the mo-
bile station 4#2 (step S102). The mobile station 4#1 and
the mobile station 4#2, respectively, analyze the meas-
urement and report conditions (steps S103 and S104).
The common control channel is repeatedly transmitted
at predetermined intervals.
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[0048] If the measurement condition is satisfied, the
mobile station 4#1 measures the reception quality (step
S105). Similarly, if the measurement condition is satis-
fied, the mobile station 4#2 measures the reception qual-
ity (step S106).

[0049] Then, if the report condition is satisfied, the mo-
bile station 4#1 starts a reporting process (step S107)
and transmits a measurement report including the meas-
ured reception quality via a dedicated control channel to
the base station 2#1 (step S108). When receiving the
measurement report, the base station 2#1 transfers the
measurement report via base-station-MME signaling to
the base station control unit 12 (step S109).

[0050] Similarly, if the report condition is satisfied, the
mobile station 4#2 starts a reporting process (step S110)
and transmits a measurement report including the meas-
ured reception quality via a dedicated control channel to
the base station 2#2 (step S111). When receiving the
measurement report, the base station 2#2 transfers the
measurement report via base-station-MME signaling to
the base station control unit 12 (step S112).

[0051] The base station control unit 12 determines a
transmission power level of the common control channel
of the base station 2#1 based on the transferred meas-
urement reports (step S113) and reports the determined
transmission power level via base-station-MME signaling
to the base station 2#1 (step S114). Then, the base sta-
tion 2#1 changes the current transmission power level
of the common control channel based on the reported
transmission power level (step S115).

[0052] Thereafter, the base station 2#1 repeatedly re-
ports the measurement condition and the report condition
via the common control channel to the mobile station 4#1
and the mobile station 4#2 (steps S116 and S117), and
the above steps are repeated.

[0053] The above process makes it possible to appro-
priately adjust the transmission power level of a common
control channel in a service area and thereby makes it
possible to maintain a desired reception quality level. The
measurement and statistical processing of reception
quality and the transmission power control for the com-
mon control channel may be performed for each sched-
uling unit (SU).

<SECOND EMBODIMENT>

[0054] According to a second embodiment, functions
for implementing the present invention are provided in
the base station 2 (2#1, 2#2) instead of in the base station
control unit 12 of the controller 1.

[0055] In this embodiment, it is assumed that the mo-
bile communication system has a configuration as shown
in FIG. 1. It is also assumed that the mobile stations 4
have substantially the same configuration as that shown
in FIG. 5.

[0056] FIG. 7 is a block diagram illustrating an exem-
plary configuration of a base station control unit 12 ac-
cording to the second embodiment.
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[0057] AsshowninFIG.7,the base station control unit
12 includes a network interface 121 that communicates
with other controllers and base stations belonging to the
controller 1 via fixed lines; a base-station-signal trans-
mitting unit 122 for transmitting signals to the base sta-
tions via the network interface 121; and a base-station-
signal receiving unit 123 for receiving measurement re-
ports from the base stations via the network interface 121.
[0058] The base station control unit 12 also includes
a measurement-and-report conditions generating unit
124 that generates a measurement condition (a condition
for determining whether to measure the reception quality)
and a report condition (a condition for determining wheth-
er to report a measurement report) for mobile stations
based on operational data received via the network in-
terface 121, and requests the base-station-signal trans-
mitting unit 122 to transmit the generated conditions to
the corresponding base stations. Examples of the meas-
urement condition include "if a request is received from
the network”, "if a predetermined period of time has
passed after a request is received from the network”, "if
it is a predetermined time slot", "if one of base stations
being detected becomes undetectable", "if a base station
is newly detected and its reception level exceeds a
threshold", and "if the mobile station has moved to an-
other cell". Examples of the report condition include "if a
request is received from the network", "if a predetermined
period of time has passed after arequest is received from
the network", "if it is a predetermined time slot", and "if
the mobile station moves to another tracking area (TA)
for location registration". The measurement-and-report
conditions generating unit 124 may be configured to re-
questonly a certain group of mobile stations (forexample,
mobile stations whose battery energy levels are high or
mobile stations belonging to a certain access service
class) to measure and report the reception quality.
[0059] The base station control unit 12 also includes
a desired quality generating unit 125 that generates a
desired quality level based on operational data received
via the network interface 121 and requests the base-sta-
tion-signal transmitting unit 122 to transmit the generated
desired quality level to a target base station. The desired
quality level is represented, for example, by a BER, a
FER, aBLER, and/or the number of tries needed to com-
plete demodulation.

[0060] The base station control unit 12 further includes
a measurement report transfer unit 128 that requests the
base-station-signal transmitting unit 122 to transfer
measurement reports received by the base-station-sig-
nal receiving unit 123 to a corresponding base station.
[0061] FIG. 8 is a block diagram illustrating an exem-
plary configuration of a base station 2 according to the
second embodiment.

[0062] As showninFIG. 8, the base station 2 includes
a mobile-station-signal transmitting unit 202 for transmit-
ting signals to mobile stations via a transmitting antenna
201; a mobile-station-signal receiving unit 204 for receiv-
ing signals from mobile stations via a receiving antenna
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203; and a network interface 205 connected to an upper
node, i.e., the controller 1 and configured to transfer user
data to be transmitted by the mobile-station-signal trans-
mitting unit 202, to transfer user data received by the
mobile-station-signal receiving unit 204, and to input and
output control data to and from other components of the
base station 2.

[0063] The base station 2 also includes a measure-
ment-and-report conditions reporting unit 206 that re-
quests the mobile-station-signal transmitting unit 202 to
transmit (to broadcast via a common control channel) a
measurement condition and a report condition received
via the network interface 205 from the controller 1 to mo-
bile stations; and a measurement report extracting unit
207 that extracts measurement reports (for its own base
station and other base stations) received from the mobile
stations by the mobile-station-signal receiving unit 204,
sends the measurement reports for its own base station
to a subsequent processing component, and transfers
the measurement reports for other base stations to the
controller 1 via the network interface 205.

[0064] The base station 2 also includes a desired qual-
ity input unit 209 that receives a desired quality level re-
ceived via the network interface 205 from the controller
1 and inputs the received desired quality level to a trans-
mission power determining unit 211 described later.
[0065] The base station 2 further includes a measure-
ment report accumulating unit 210 that accumulates the
measurement reports for its own base station received
from the measurement report extracting unit 207 or the
network interface 205 and performs statistical processing
on the accumulated measurement reports (e.g., obtains
an average, a median, and/or a probability distribution of
the measurement reports); and the transmission power
determining unit 211 that determines an appropriate
transmission power level of the common control channel
based on the results of the statistical processing output
from the measurement report accumulating unit 210 and
the desired quality level input from the desired quality
input unit 209 and sets the determined transmission pow-
er level in a radio unit of the mobile-station-signal trans-
mitting unit 202. Here, the determined transmission pow-
er level may also be set in base stations other than the
base station whose common control channel is meas-
ured.

[0066] FIG. 9 is a sequence chart showing an exem-
plary process according to the second embodiment.
[0067] InFIG. 9, the base station 2#1 reports a meas-
urement condition and a report condition via a common
control channel to the mobile station 4#1 (step S201),
and also reports the measurement condition and the re-
port condition via the common control channel to the mo-
bile station 4#2 (step S202). The mobile station 4#1 and
the mobile station 4#2, respectively, analyze the meas-
urement and report conditions (steps S203 and S204).
The common control channel is repeatedly transmitted
at predetermined intervals.

[0068] If the measurement condition is satisfied, the
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mobile station 4#1 measures the reception quality (step
S205). Similarly, if the measurement condition is satis-
fied, the mobile station 4#2 measures the reception qual-
ity (step S206).

[0069] Then, if the report condition is satisfied, the mo-
bile station 4#1 starts a reporting process (step S207)
and transmits a measurement report including the meas-
ured reception quality via a dedicated control channel to
the base station 2#1 (step S208). If the measurement
report is for the base station 2#1, the base station 2#1
stores the measurement report.

[0070] Similarly, if the report condition is satisfied, the
mobile station 4#2 starts a reporting process (step S209)
and transmits a measurement report including the meas-
ured reception quality via a dedicated control channel to
the base station 2#2 (step S210). If the measurement
report is not for the base station 2#2 but for the base
station 2#1, the base station 2#2 transfers the measure-
ment report via base-station-MME signaling to the base
station control unit 12 (step S211).

[0071] Then, the base station control unit 12 starts a
transfer process (step S212) and transfers the measure-
ment report received from the base station 2#2 to the
base station 2#1 via base-station-MME signaling (step
S213).

[0072] The base station 2#1 accumulates received
measurement reports and determines a transmission
power level of the common control channel based on the
accumulated measurement reports (step S214) and
changes the current transmission power level of the com-
mon control channel based on the determined transmis-
sion power level (step S215).

[0073] Thereafter, the base station 2#1 repeatedly re-
ports the measurement condition and the report condition
via the common control channel to the mobile station 4#1
and the mobile station 4#2 (steps S216 and S217), and
the above steps are repeated.

[0074] The above process makes it possible to appro-
priately adjust the transmission power level of a common
control channel in a service area and thereby makes it
possible to maintain a desired reception quality level. The
measurement and statistical processing of reception
quality and the transmission power control for the com-
mon control channel may be performed for each sched-
uling unit (SU).

<SUMMARY>

[0075] The above embodiments of the present inven-
tion make it possible:

(1) To control radio parameters based on actual
measurements without using a simulation and there-
by to prevent problems caused by simulation errors.
(2) To appropriately adjust the transmission power
of a common control channel of the base station ac-
cording to current situations, and thereby to maintain
the reception quality at the mobile station even if
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propagation and interference conditions vary.

(3) To prevent use of excessive transmission power
for a common control channel and thereby to reduce
inter-cell interference.

(4) To automatically control radio parameters without
requiring manual measurement and configurations
and thereby to reduce the workload of the telecom-
munications carrier.

[0076] Preferred embodiments of the present inven-
tion are described above. However, the presentinvention
is not limited to the specifically disclosed embodiments,
and variations and modifications may be made without
departing from the scope of the present invention. Ac-
cordingly, the descriptions and drawings in the above
embodiments should not be construed to be limiting the
present invention.

[0077] The presentinternational application claims pri-
ority from Japanese Patent Application No. 2007-120262
filed on April 27, 2007, the entire contents of which are
hereby incorporated herein by reference.

Claims
1. A mobile communication system, comprising:

a condition reporting unit provided in a base sta-
tion controller, which is an upper node of a target
base station, and configured to report to a mobile
station via the target base station or another
base station a measurement condition and a re-
port condition used by the mobile station to de-
termine whether to measure and report a recep-
tion quality level of a radio signal transmitted
from the target base station;

a measurement reporting unit provided in the
mobile station and configured to measure the
reception quality level of the radio signal trans-
mitted from the target base station if the meas-
urement condition is satisfied and to report the
measured reception quality level to the base sta-
tion controller via the target base station or the
other base station if the report condition is sat-
isfied; and

a radio parameter control unit provided in the
base station controller and configured to control
a radio parameter of the target base station or
the other base station based on the reported re-
ception quality level.

2. A mobile communication system, comprising:

a condition reporting unit provided in a base sta-
tion controller, which is an upper node of a target
base station, and configured to report to a mobile
station via the target base station or another
base station a measurement condition and a re-
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port condition used by the mobile station to de-
termine whether to measure and report a recep-
tion quality level of a radio signal transmitted
from the target base station;

a measurement reporting unit provided in the
mobile station and configured to measure the
reception quality level of the radio signal trans-
mitted from the target base station if the meas-
urement condition is satisfied and to report the
measured reception quality level to the target
base station directly or via the other base station
and the base station controller if the report con-
dition is satisfied; and

a radio parameter control unit provided in the
target base station and configured to control a
radio parameter of the target base station or the
other base station based on the reported recep-
tion quality level.

3. A base station controller, comprising:

a condition reporting unit configured to report to
a mobile station via a target base station or an-
other base station a measurement condition and
a report condition used by the mobile station to
determine whether to measure and report a re-
ception quality level of a radio signal transmitted
from the target base station;

a measurement receiving unit configured to re-
ceive the measured reception quality level of the
radio signal transmitted from the target base sta-
tion from the mobile station via the target base
station or the other base station; and

aradio parameter control unit configured to con-
trol a radio parameter of the target base station
or the other base station based on the received
reception quality level.

4. A base station controller, comprising:

a condition reporting unit configured to report to
a mobile station via a target base station or an-
other base station a measurement condition and
a report condition used by the mobile station to
determine whether to measure and report a re-
ception quality level of a radio signal transmitted
from the target base station; and

a measurement transfer unit configured to re-
ceive the measured reception quality level of the
radio signal transmitted from the target base sta-
tion from the mobile station via the other base
station and to transfer the received reception
quality level to the target base station.

5. A base station, comprising:

a condition reporting unit configured to receive
from a base station controller a measurement
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condition and a report condition used by a mo-
bile station to determine whether to measure
and report a reception quality level of a radio
signal transmitted from a target base station that
is either its own base station or another base
station and to report the measurement condition
and the report condition to the mobile station;
a measurement transfer unit configured to re-
ceive from the mobile station the measured re-
ception quality level of the radio signal transmit-
ted from the target base station and to transfer
the received reception quality level to the base
station controller; and

a parameter setting unit configured to set a radio
parameter transmitted from the base station
controller in its own base station.

6. A base station, comprising:

a condition reporting unit configured to receive
from a base station controller a measurement
condition and a report condition used by a mo-
bile station to determine whether to measure
and report a reception quality level of a radio
signal transmitted from a target base station that
is either its own base station or another base
station and to report the measurement condition
and the report condition to the mobile station;
a measurement receiving unit configured to re-
ceive the measured reception quality level of the
radio signal transmitted from the target base sta-
tion from the mobile station directly or via the
other base station and the base station control-
ler; and

aradio parameter control unit configured to con-
trol a radio parameter of its own base station or
the other base station based on the received
reception quality level.

7. A mobile station, comprising:

a condition receiving unit configured to receive
from a base station controller via a target base
station a measurement condition and a report
condition for determining whether to measure
and report a reception quality level of a radio
signal transmitted from the target base station;
and

a measurement reporting unit configured to
measure the reception quality level of the radio
signal transmitted from the target base station
if the measurement condition is satisfied and to
report the measured reception quality level to
the base station controller via the target base
station or another base station if the report con-
dition is satisfied.

8. A mobile station, comprising:
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a condition receiving unit configured to receive
from a base station controller via a target base
station a measurement condition and a report
condition for determining whether to measure
and report a reception quality level of a radio
signal transmitted from the target base station;
and

a measurement reporting unit configured to
measure the reception quality level of the radio
signal transmitted from the target base station
if the measurement condition is satisfied and to
report the measured reception quality level to
the target base station directly or via another
base station if the report condition is satisfied.

9. Abase station radio parameter control method, com-
prising:

a condition reporting step, performed by a base
station controller thatis an upper node of a target
base station, of reporting to a mobile station via
the target base station a measurement condition
and a report condition used by the mobile station
to determine whether to measure and report a
reception quality level of a radio signal transmit-
ted from the target base station;
ameasurementreporting step, performed by the
mobile station, of measuring the reception qual-
ity level of the radio signal transmitted from the
target base station if the measurement condition
is satisfied and reporting the measured recep-
tion quality level to the base station controller
via the target base station or another base sta-
tion if the report condition is satisfied; and
aradio parameter control step, performed by the
base station controller, of controlling a radio pa-
rameter of the target base station or the other
base station based on the reported reception
quality level.

10. Abase station radio parameter control method, com-
prising:

a condition reporting step, performed by a base
station controller thatis an upper node of a target
base station, of reporting to a mobile station via
the target base station a measurement condition
and a report condition used by the mobile station
to determine whether to measure and report a
reception quality level of a radio signal transmit-
ted from the target base station;

ameasurement reporting step, performed by the
mobile station, of measuring the reception qual-
ity level of the radio signal transmitted from the
target base station if the measurement condition
is satisfied and reporting the measured recep-
tion quality level to the target base station direct-
ly or via another base station and the base sta-
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tion controller if the report condition is satisfied;
and

aradio parameter control step, performed by the
target base station, of controlling a radio param-
eter of the target base station or the other base
station based on the reported reception quality
level.
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